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[57] ABSTRACT 

An optical disc player wherein an amount of jitter in a write 
clock as opposed to a read clock is detected by a jiaer 
counter, a the write clock is counted by a reference counter 
for the number of frames, the jitter amount is added/ 
subtracted to/from the count output by an adder/subdractor, 
an oflFset for the predetermined number of frames is given to 
a result of the addition/subtracdon to generate a subcode 
synchronizing signal completely synchronized with the read 
clock. The subcode synchronizing signal is outputted 
through an output determining circuit only when a repro- 
duction subcode syachronizing signal is found matching by 
a match detector with the coimt output of the reference 
counter twice successively. The device can correctly per- 
form sound linking even for software having successive 
fixed patterns and perform sound linking without error even 
if reproduction data at sound linking point is processed with 
previous- value hold or interpolatioiL 

8 Claims, U Drawing Sheets 



-IN6 

t 



14 



.TRACKING 



MICRO- 



-^20 



21— - i|i>frAL COMPUTER 



THREAD 
-ING 



3 



i-v 

(AMPLIFIER 



.9 I 



SYSTEM 
CLOCK 



^ 
17 



SUBCODE 
PROCESSOR 



13 



26^ 



RF 

EQUALIZER 

1 



OPTICAL 
SYSTEM 
5ERVO SIGNAL 
PROCESSING 



PLL 
CCMIRECTOR 
gRCUlT 



EFM 
DEMODULATOR 

— T 



! 15 
18 



10 



\2 



ERROR 
CORRECTIW 
CIRCUIT 






RAM 







SPINDLE 
SERVO 
SIGNAL 
PROCESSING 



16 



DemtER- 

M LEAVE 
CIRCUIT 



23 



DRAM 
1 



22- 



ESP jR 
CONTROLLER 



I 



'27 



24- ^ DIGITAL FILTER 

Y ZIZ 

25- ^ D/A CONVERTER 

{Ech iRch 



02/25/2003, EAST Version: 1.03.0007 



U.S. Patent Apr. u, me sheet i of ii 5,508,983 








q: 




111 




d 








S 




1- 


0. z 


CO 




lli 


8 



o 
5 



CM 



06 
Oi 

> 
Z 

o 

u 

< 



CM 



U 

q: 



02/25/2003, EAST Version: 1.03.0007 



U.S. Patent Apr. i6, 1996 sheet 2 of 11 5,508,983 




02/25/2003, EAST Version: 1.03.0007 



U.S. Patent Apr. i6, me sheet 3 of 11 5,508,983 



q: 

8 

CD 
O 




00 









Ui 


OLI 


H 


H 


Z 




D 




0 




u 



CM 



u 




u 




z 








a: 


Z 




D 




0 




U 


DC 



u p 
q: ^ 



q: 
o 
o 

(0 



02/25/2003, EAST Version: 1.03.0007 



U.S. Patent Apr. i6, me sheet 4 of ll 



5,508,983 




Ll. 



02/25/2003, EAST Version: 1.03.0007 



U.S. Patent 



Apr. 16, 1996 



Sheet 5 of 11 



5,508,983 



(r. 
I- 



LlI 
Li- 



X 
<0 



UJ 
Q- 
O 

O 



I- 

o 



l-UJ 
<5 



CO 
UJ 



(0 



UJ 

li. 

o 
+1 

B 

:e 



Ui 



CO 
CM 
+ 



V) 

hi 

g 
k. 

CD 
+ 



-3 



CD 
CM 
I 



V) 

E 

IT) 

cvi 



in 

E 
to 

CVI 



[2 

< 

E 

GO 
CM 
I 

n 

u. 



CD 



q: 

o 8 

ffi (0 

3 q: 
CO o 



o 
o 



tr. 
o 

cc o o 

O CD CO 
O ID It 
CO CO O 



q: 
o 
o 



q: 
o 

o o 
m CO 



CO CO CD 



02/25/2003, EAST Version: 1.03.0007 



U.S. Patent 



Apr. 16, 1996 Sheet 6 of 11 



5,508 



F I G. 8 

FLOWCHART FOR DATA DETERMINATION 
( START ) 







RISING OF SCOR 






ACTIVATE TIMER 






READ SUBCODE Q 



SI 
S2 
-S3 




SOUND LINKING 



SOUND LINKING 



SEND 


XQOK 


S7 








SEND 


XSOE 


---S8 




-SOUND LINKING 



UPDATE VWA 







-SIO 



c 



END 



02/25/2003, EAST Version: 1.03.0007 



U.S. Patent 



Apr. 16, 1996 Sheet 7 of 11 



5,508,983 



F I G. 9 

FLOWCHART FOR SOUND LINKING 

( START ) 



XWRE = "H" 



ACCESS VWA 



Sll 
-SI2 



SEND GRSRST 



RISING OF SCOR 



ACTIVATE TIMER 



READ SUBCODE Q 




DATA WRITE ENABLED 







S20 



c 



END 



) 



02/25/2003, EAST Version: 1.03.0007 



U.S. Patent 



Apr. 16, 1996 Sheet 8 of 11 



5,508,983 



Oo 

is 

1(0 

yli 
g< 

q: 

i> 

l-O 



D 
O 

CD 
Ll. 



<M 

m 
E 
to 
to 



UJ 

e 

lij 

D 
O 
O 
00 
=) 
CO 

LI 



2 

£ 

O 
UJ 
I 
CO 



CD 

UJ 



UJ 



q: 
o 
o 

CO 



O 

o 

CO 

c:> 



o 
o 

X 



?5 

%^ 

^UJ 
C!)0 

l-UJ 



O 

Ll. 



UJO 

tE 

CCUJ 
go: 



<I 



_1 



o 
o 

CO 



o 
o 



z 

£ 

O 
UJ 

UI UJ ujS 
2 2uj 



i 5 



_1 



CD X — — — 



02/25/2003, EAST Version: 1.03.0007 



U.S. Patent Apr. i6, 1996 sheet 9 of 11 5,508,983 



z 

CD 



z 



Ids 

s> 
"J 

il 

i-o 



CM 
M 

E 

10 

ro 



UJ 

< 

01 

IL. 

UJ 
Q 
O 
O 
CD 
Z5 
W 

UJ 



I- 
z 

o 

Q. 

Q 
UJ 
I 

Sd 

HO 

cop: 

UJI- 
ZCO 



a: 
o 
o 



o 
o 

(0 

tr 



UJ 

q: 

X 



z 

..£ 

CD CD 



_I-J 



zz 

UJ 

cdQ 



CD 
Ll 



It 

o 
o 
cn 
o: 



Z 

UJ 

I- 
q: 

b 

UJ 



UJ 
GO 



Z 

O 
£L 

O 



i 



UJ 

o g b 



UJ 



_1 
< 

Z Z Zi_ 

UJ UJ UJ^ 

h- I- Hp 

z z zco 



CD X = = == 



o 
z 

3 

o 
cn 



02/25/2003, EAST Version: 



1.03.0007 



U.S. Patent 



Apr. 16, 1996 



Sheet 10 of 11 



CL 
< 

q: 
lij 



3 
O 



CO 

O p 

<2 

p 

U-CO 

—hi 
HQ 



< 

> 



I 

> 

I 



m X 



3 

cn 



< 

UJ 

-J 
q: 

UJ 

o 
z 

o 

CO 



> 
< 

5 



< 

LlJ 

q: 

LJ 



< 

Id 

CC 

§ 

> 

CO 
CO 
UJ 

o 



Q 
UJ 

UJ 







a: 








o 




tr 


o 


o 




o 


m 


CO 


o 


o 




q: 


o 


to 


CO 


C5 


X 



UJ 

tt: 

X 



02/25/2003, EAST Version: 1.03.000 



U.S. Patent Apr. i6, me sheet ii of 11 5,508,983 



o 

8 

CD 
D 



M 

E 
to 



CO ro 

CD ^ 
U- 

q: iLi 
P 5 
o 
o 
m 

CO 



S lij 



o o 
z 

I- 



CO 

I 



o 
2: 



z 
I- 1 



g CM 



o 
o 

CD 
3 



^ i 



V) 

E 

10 



v> ro 



< 
q: 



p 



ijj 



Li. 

Ll. I- 5 
< 



CO 



Z 



= O 



i 
I 



Q O 
CO CO 



X 



q: 



o 
o 



o 
m 
I- 
o 



02/25/2003, EAST Version: 1.03.0007 



5,508,! 

1 

OPTICAL DISC PLAYER WITH 
SHOCKPROOF CONTROLLER AND 
METHOD OF PROCESSING 
REPRODUCTION DATA 

5 

BACKGROUND OF THE INVENTION 

The present invention relates to a disc player for repro- 
ducing infonnation firom a digital audio disc, such as a 
compact disc (CD) or a mini disc (MD) and reproducing an xq 
information-recorded disc such as a CD-ROM disc (the 
discs are hereinafter generically referred to simply as 
discs"). More particularly, this invention relates to a disc 
player having a constitution in which reproduction data read 
firom a disc are stored in a large-capacity memory to be read 15 
for output, and to a method of processing the reproduction 
data. 

Some disc players, such as certain CD players have an 
anti-shock constitution for preventing, by assuring continu- 
ity of PCM (Pulse Code Modulation) data, a so-called sound 20 
skip £rom occurring when a so-called track jump caused by 
an external distmbance such as an undue vibration or shock 
is applied to the player during a disc playback operation. The 
term ''track jump" as used herein deiiotes that an information 
reading light spot projected firom an optical pick-up for 25 
reading recorded infonnation by tracing a record track (a pit 
train) on a disc jumps off or over a track or tracks. 

In an ordinary CD player, or a CD player that is not 
shock-proofed, a data rate of reproducing data from a disc is 
substantially the same as a data rate of an ultimate audio 
output On the ccmtrary» in a shodc-proof CD player, a disc 
rotates at a speed, for example, about twice as high as a 
speed of disc rotation in the ordinary disc player, tiiereby 
reacting recorded PCM data at an accordingly higher speed 
than a data reading speed of the ordinary disc player. The 35 
PCM data thus read are temporarily stored in a laige- 
capacity DRAM (Dynamic Random Access Memory) and 
are read firom the DRAM at the reproducing data rate of the 
ordinary disc player to produce an output 

If a track jump occurs dutmg disc reproduction, the ^ 
infonnation reading Kght spot of the pick-up is returned to 
a position immediately before a position at which the track 
jump occurred, restarting reproduction from die former 
position. Since the PCM data is established based on a 
subcode synchronizing signal having a wow caused by a 
spindle-drive motor, a data determination signal comes to 
have the wow, making it tmcertain where in a one subcode 
frame the data is established. Consequently, it is required to 
set a window for a one frame jitter margin in which the PCM 
data coming from the disc is compared with the PCM data 
coming from the DRAM for a match to perform sound 
linking processing on the PCM data. 

However, in the above-mentioned conventional disc 
player, if a track jump occurs due to an external disturbance 
such as undue vibration or shock, the sound linking pro- 
cessing is made by comparing the PCM data, thereby 
involving one or more of the following problems: 

(1) When it is attempted to perform linking processing on 
software having successive fixed patterns, the match is 50 
found as soon as the data entered the comparison 
window, thereby making it highly possible to link 
sounds at a point at which no sound linking should 
occur, and 

(2) If either PCM data coming from the DRAM or PCM 65 
data coming from the disc is processed with an error 
correction such as a previous-value hold and interpo- 
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lation, linking processing cannot be performed on the 
PCM data, thereby making it possible that sounds are 
never linked. 

OBJECTS AND SUMMARY OF THE 
INVENTION 

It is therefore an object of the present invention to provide 
a disc player and a processing method of reproduction data 
used on the disc player, the disc player being capable of 
correctiy performing soimd linking processing on software 
having successive fixed patterns and implementing sound 
linking without involving an error if PCM data at a sound 
linking point is processed with a previous-value hold or 
interpolation for error correction. 

In carrying out the invention and according to one aspect 
thereof, there is provided a disc player constituted so that 
reproduction data read from a disc are tenq)orarily stored in 
a large-capacity memory and then read from the memory for 
output The disc player according to the invention comprises 
a jitter detector for detecting an amount of jitter in a second 
clock synchronized with the reproduction data as opposed to 
a first clock having a fixed firequency, a coimter for counting 
the second dock for 98 frames, an adder/subtractor for 
adding or subtracting the amount of jitter to or from an 
output of the counter, and an offset drcuit for providing an 
offset for a predetermined number of frames to an output of 
die adder/subtractor, wherein the reproduction data arc writ- 
ten to the large-capacity memory based on an output of the 
offset circuit 

In carrying out the invention and according to another 
aspect thereof, there is provided a disc player comprising a 
match detector for detecting a match at predetermined times 
consecutively between a subcode synchrotd^ng signal 
obtained from the reproduction data (hereinafter referred to 
as a 'Reproduction subcode synchronizing signal") and the 
output of the counter and an oatpui determinatian circuit for 
maicing valid the output of the ofeet circuit only when the 
match is detected by the match detector. 

In carrying out the invention and according to still another 
aspect thereof, there is provided a disc player constituted so 
that the rqiroduction data read from the disc are temporarily 
stored in a large-capacity memory and then read from the 
memory for output, the disc player having a memory for 
reproduction data time information corresponding to the 
reproduction data to be written to the mass memory. 

In carrying out the invention and according to yet another 
aspect thereof, there is provided a disc player constimted so 
that the reproduc^on data time information is stored in the 
above-mentioned memory in a thinned out maimer. 

In carrying out the invention and according to another 
aspect thereof, there is provided a reproduction data pro- 
cessing method for generating a subcode synchronizing 
signal synchronized with a clock having a fixed frequency, 
reading time infonnation of a subcode contained in the 
reproduction data in synchronization with the subcode syn- 
chronizing signal obtained from the reproduction data to 
detect a soimd overleap based on the time information and 
a finally established address in the large-capacity memory, 
and, if no sound overleap has been detected, determining the 
r^iroduction data to be stored in the large-capacity memory 
based on the subcode synchronizing signal, in a disc player 
constimted to write the reproduction data coming from a 
disc to die large-capacity memory and then read the data 
from the large-capacity memory for output. 

In carrying out the invention and accordmg to still another 
aspect thereof, there is provided a reproduction data pro- 
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cessing method for accessing the finally determined address 
if the sound overleap has been detected in the above- 
mentioned reproduction data processing method, reading the 
time information of the subcode in synchronization with the 
reproduction subcode synchronizing signal to compare the 5 
time information of the subcode with the finally established 
address, and, if a match is foimd between the time informa- 
tion of the subcode and the finally established address, 
writing the leproductian data to the large-c^acity memory 
based on the subcode synchronizing signal. 

In the disc player according to the invention, an amount 
of jitter in a r^iroduction dock relative to a fixed dock is 
detected, the obtained jitter amount is added to or subtracted 
firom a count output obtained by counting the reproduction 
dock by the number of times for 98 frames, and an offed: for 
the predetermined number of fiames is ^lied to the result 
of the addition or subtraction to generate a subcode syn- 
dironizing signal synchronized with the fixed clock. Based 
on the generated subcode synchronizing signal, the repro- 
duction data is written to the laige-c^adty memory, thereby 
implementing data detennination by time axis and sound ^ 
1 miri ng on time axis. 

In the disc player according to the invention, the repto- 
duction subcode synchronizing signal coming finom the disc 
is compared with the count output of the fixed dock to make 
valid the subcode synchronizing signal generated only when ^ 
the match has been found by the predetermiaed number of 
times consecutively, thereby eliminating a false reproduc- 
tion subcode synctuonizing signal caused by a scratch or the 
like on the disc to determine a true r^>roduction subcode 
synchronizing signal. As a result, the subcode synchronizing 30 
signal can be generated without being affected by a scratch 
or the like on the disc. 

In the disc player according to the invention, the time 
information of the reproduction data to be written to the 
laige-capadty memory is stored in the memory provided to 35 
store the time information, thereby providing the time infor- 
mation of Che reproduction data. Consequently, it is unnec- 
essary to perform processing of time conversion while 
monitoring a storage amount of the laige-c^acity memory, 
which is required conventionally, thereby mitigatmg a soft- 
ware load of a microcomputer used in the system and 
implementing a real-time display of the time information. 

In the disc player according to the invention, the time 
information is stored in the memory in a thinned out manner 
For example, addresses of the memory are made common 
with upper addresses of the large-capacity memory to fink 
the reproduction data with its time information. This setup 
provides the time information of the reproduction data with 
a minimum memory capadty. 

In the reproduction data processing method according to 
the invention, the subcode synchronizing signal synchro- 
nized with the fixed clock is generated and, if no sound 
overleap has been detected, the generated subcode syrxchro- 
nizing signal is used to establish reproduction data to be 
stored in the large-capadty memory. 

In the reproduction data processing method according to 
the invention, if a sound overleap occurs, writing of the 
r^>roduction data to the large-capadty memory starts based 
on the generated subcode synchronizing signal, therdsy 
implementing sound linking on the time axis. Consequendy, 
if reproduction data at a sound linking point is processed 
with a previous-value hold or interpolation, sounds can be 
linked without error. Also, in software in which fixed 
patterns continue, sounds can be linked correctly. ^ 

The above and other objects, features and advantages of 
the present invention will become more apparent firom the 
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accompanying drawings, in which like reference numerals 
are used to identify the same or similar parts in several 
views. 

BRIEF DESCRIPnON OF THE DRAWINGS 

FIG. 1 is a block diagram illustrating a constitution of a 
control system of a CD player practiced as one preferred 
embodiment of the invention; 

FIG. 2 is a diagram illastrating a valid data area in the 
DRAM; 

FIGS. 3a to 3d are diagrams illustrating relationships 
between a write address WA, a read address RA» and a valid 
address VWA in the DRAM; 

FIG. 4 is a block diagram illu^rating an exan^le of a 
constitution of a subcode synchronizing signal goieraton 

FIG. 5 is a timing chart for describing match detecting 
operations in the subcode sjmchronizing signal generator; 

FIG. 6 is a timing chart obtained when a fi:ame jitter 
margin in the subcode synchronizing signal generator is ±0; 

FIG. 7 is a timing chart for describing a state in which 
firame jitter margins are changed; 

FIG. 8 is a flowchart describing a procedure for data 
determination; 

FIG. 9 is a flowchart describing a procedure for sound 
linking; 

FIGS. 10a to 102^ are timing charts describing a state in 
which data is established; 

FIGS. 11a and 11^ are timing diarts describing a state in 
which sounds are linked; 

FIG. 12 is a timing chart describing a series of operations 
firom sound overieap detection to sound linking; 

FIG. 13 is a timing chart describing a state in which a 
subcode Q is written; and 

FIG. 14 is a timing chart describing a state in which the 
subcode Q is read. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

This invention will be described in further detail by way 
of example with reference to the accompanying drawings. 

Referring to FIG. 1, there is shown a block diagram 
illustrating a control system of a CD pl^er practiced as one 
preferred embodiment of the invention. In the figure, a disc 
(CD) 1 is rotativdy driven by a spindle-drive motor 2. 
Information recorded on the disc 1 is read with an optical 
pick-up 3 (heremaftcr referred to sinqily as a pick-up). 

The pick-up 3 comprises a laser diode 4, an objective lens 
5 for focusing a laser beam coming firom the laser diode 4 
onto a signal recorded side of the disc 1 as an information 
reading light spot, a polarized beam splitter 6 for changing 
a direction in which a reflected light beam coming from the 
disc 1 goes, and a photo detector 7 for recdving the reflected 
light beam. The pick-up 3 is moved in the radial direction of 
the disc 1 by a thread feed motor, not shown. 

The pick-up 3 further contains a tracking actuator, not 
shown, for deflecting the information reading light spot in 
the disc radial direcdon relative to a record track provided on 
the disc 1 and a focus actuator, not shown, for moving the 
objective lens 5 in its optical axis direction. An ou^t signal 
of the pick-up 3 is converted by an I(curTent)AV(voltage) 
amplifier 8 from a current signal to a voltage sigaal. The 
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resultant voltage signal is sh^;>ed by an RF equalizer 9 to be 
fed to a DSP (Digital Signal Processor) circuit 10. 

Signal processing in the DSP circuit 10 is performed as 
follows. First, asymmetry correction is performed in a PLL 
(Phase Locked Loop) asymmetry correction circuit 11 to 5 
provide a binary ou^ul signal. Based on an edge of the 
binary signal, continuous reproduction clocks are generated 
according to a constitution of the PLL. The term "asymme- 
try" herein denotes a state in which the center of an eye 
partem of an RF signal deviates £rom the center of osctlla- 
don. 

Then, in an EFM (Eight-to-Fourteen Modulation) 
demodulator 12» £E^ is demodulated to provide PCM data 
of digital audio and a parity for error correction and detec- 
tion. At the same time, a subcode entered immediately after 
a subcode synchronizing signal SCOR is demodulated. The 
subcode demodulated in the EFM demodulator 12 is fed to 
a microcomputer 20 via a subcode processor 13. The micro- 
computer 20 controls the system in its entirety. 

The PCM data after EFM demodulation is stored in a 20 
RAM (Random Access Memory) 14 once, errar-corrected in 
an error correction circuit 15 based on an error correction 
and detecticHi parity, and deictedeaved of CIRC (Cross 
Interleave Reed-Solomon Code) in a deinterleave circuit 16. 
It should be noted that the DSP circuit 10 contains a clock 
generator for generating a sy^m clock based on an output ^ 
of a crystal resonator 21 and performs signal processing 
based on the generated system dock. In the RAM 14, a 
reproduction clock generated in the PLL asymmetry correc- 
tion circuit 11 as a write clock WFCK is used, and the 
above-mentioned system dock is used as a read clock ^ 
RFCK. 

Tbe PCM data passed through the DSP circuit 10 is stored 
in a large-capacity DRAM 23 via an ESP (Electric Shock 
Proof) controller 22. The PCM data stored in the DRAM 23 
is read through the ESP controller 22. The read PCM data is 
then filtered by a digital filter 24, converted by a D/A 
converter 25 to analog data, and outputted as L-channel and 
R-channel audio outputs. 

TTie DRAM 23 is used to assure continuity of the PCM ^ 
data to prevent sound overleap from occurring when a track 
jump has taken place due to an external disturbaiu^e such as 
an undue shock during playback. To be more specific, when 
a track jump has taken place, the microcomputer returns the 
information reacfing ligjit spot of the pick-up 3 to a position 
at which the spot was projected immediately before the 
occurrence of the track jimip to restart the reproduction, 
while the ESP controller 22 links the PCM data to be 
obtained after the restart of the reproduction with the PCM 
data stored in the DRAM 23 that was present immediately 
before the occurrence of the track }\aap. A specific consti- 
tution and fimction of the ESP controller 22 will be 
described later in more details. 

The DSP circuit 10 is provided with a spindle servo signal 
processing circuit 18 for controlling the rotation of the 55 
spindle-drive motor 2 based on a phase difference between 
a reference clock and the reproduction clock. An optical 
system servo signal processing circuit 26 controls servo 
systems associated with operation of the pick-up 3: that is, 
a tracking servo system for making the information light 50 
spot follow the tra^ on the disc 1; a focus servo system for 
keeping the light spot always focused on the signal recorded 
surface of the disc 1; and a thread servo system for control- 
ling the position of the pick-up 3 in the radial direction of the 
disc L 65 

The spindle servo signal processing circuit 18 drives, 
normally in a low-speed mode, the spindle-drive motor 2 for 
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rotating the disc 1, and when a track jump occurs, drives the 
spindle-drive motor 2 in a high-speed mode. In the high- 
speed mode, when the DRAM 23 becomes full, the spindle 
servo signal processing circuit 18 drives the spindle-drive 
motor 2 in tiie low speed mode again. In the low-speed 
mode, die spindle-drive motor 2 is driven at a normal 
rotational speed of a CD player (or a normal speed). In the 
high-speed mode, the spindle-drive motor 2 is driven at a 
speed, twice as high for example. 

The constitution and function of the ESP controller 22 
will be described as follows. Hrst, the ESP controller 22 
controls PCM data read/write operations on the DRAM 23. 
Addresses for accessing data stored in the DRAM 23 include 
a data read address RA and a data write address WA. The 
data read address RA is incremented based on a dock 
generated inside the ESP controller 22, while the data write 
address WA is incremented based on a clock outputted from 
the DSP circuit 10. 

Here, it should be noted that PCM data written to the 
DRAM 23 based on the clock coming from the DSP circuit 
is not always correct Tbereforc, it is required to check a 
subcode or the like of die PCM data for a sound overleap. 
The microcomputer 20 checks a Q chaimel (hereinafter 
referred to as a subcode Q) of a subcode supplied from the 
subcode processing circuit 13 of the DSP circuit 10 for a 
sound overleap caused by a track jump due to external 
disturbance such as a shock or a vibration. 

Upon receiving an output from the microcomputer 20 
telling of detection of no sound overieap, the ESP controller 
updates alast address of the PCM data written to the DRAM 
23 as a valid (or established) address VWA. Namely, refer- 
ring to FIG. 2, an area between the valid address VWA and 
the read address RA is a data area having no sound overle^. 
The data in this area is handled as valid data. 

Referring to FIGS. 3A to 3D there is shown a relationship 
between the read address RA, the write address WA. and the 
vaHd address VWA in the DRAM 23. First, the virite address 
WA advances starting firom an initial state of FIG. 3 {a) twice 
as fast as the read address RA, data is written by the write 
address WA, registered by the valid address VWA, and 
sequentially read by die read address RA (FIG. 3 (b)). 

If the write operation is not interrupted by a sound 
overleap or other causes, the write address WA eventually 
catches up the read address RA by passing through a state as 
shown in FIG. 3 (c). When the DRAM is full witii data, the 
write operation is disabled (HG. 3 (d)). Thus, when the 
DRAM 23 is full witii data and there is no more room to 
write d^ or if a sound overleap) caused by a scratch on the 
disc or an external disturbance is detected, writing of the 
PCM data to the DRAM 23 is discontinued. Restarting die 
writing requires continuity of the PCM data. 

To ensure the continuity of die PCM data, the ESP 
controller goes back to the last valid address. On the other 
hand, the microcomputer 20 returns the pick-up 3 to the 
position immediately before the position at which the track 
jump has occurred to restart the reproduction from that 
position and, at the same time, reads the subcode Q at the 
rising of the reproduction subcode synchronizing signal 
SCOR to compare the subcode Q with the valid address held 
in the microcomputer itself. Then, if a match is found 
between both addresses, the ESP controller 22 restarts the 
writing when a subcode synchronizing signal GRSCOR to 
be generated within 2.45 ms to 6.23 ms is a at HIGH level, 
i.e., die signal GRSCOR 10 be described later. 

Because the above-mentioned sound linking processing is 
performed on a subcode frame basis, implementation of the 
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sound linking on a time axis rcquiies to eliminator signal in 
the reproduction subcode synchronizing signal SCOR, the 
wow caused by the spindle-drive motor 2. For the elimina- 
tion, the ESP controller 22 is provided with a subcode 
synchronizing signal generator for generating the subcode 5 
synchronizing signal GRSCOR cleaned of the wow caused 
by the spindle-drive motor 2. HG. 4 shows an example of 
constitution of this subcode synchronizing signal generator. 

Referring to FIG. 4, a jitter counter 28 measures a jitter 
amount of the write dock WFCK or the reproduction clock 10 
coming ton the disc 1 as opposed to the read dock RFCK 
or the fixed dock. A reference counter 29 counts the write 
dock WFCK for 98 fiames. By means of an adder/subtractor 
30, a count output of the reference counter 29 is added to or 
subtracted from the jitter amount measured by the jitter is 
counter. 

Then, an oflfeet for 64 frames for example is given to an 
addition/subtraction output by an offset circuit 31. Thus, 
subtracting the measured jitter amount from the count output 
of the write clock WFCK for 98 frames and applying a 20 
correction in time axis to the rqjroduction subcode synchro- 
nizing signal SCOR containing the wow caused by the 
spindle-drive motor can elimiimte the wow from the repro- 
(hiction subcode synchronizing signal SCOR, thereby gen- 
erating the subcode synchronizing signal GRSCOR syn- 25 
chronized witii the PCM data read from the DRAM 23 based 
on die read clock RFCK having a crystal resonator precision. 

On the other hand* a match detector 33 detects a match 
between the reproduction subcode synchronizing signal 
SCOR coming from the DSP dicuit 10 and the count output 
of the reference counter 29, If the match is found twice 
consecudvdy for example as shown in HG. 5, the match 
detector 33 sends a match detect signal GSS to an ouQnit 
determination dicuit 32 and is locked. Upon reception of the 
match detect signal GSS, or when the match between the 
reproduction subcode synchronizing signal SCOR and the 
count output of the reference counter has been found twice 
consecutively, the ou^ut determination circuit 32 ouQmts 
the generated subcode synchronizing signal GRSCOR. 

When the match detector 33 is locked once, the match 
detector is thereafter kept locked until a reset signal comes 
from the microcomputer 20 or a signal GTOP to be outputted 
when a frame sync signal is lesynchronized by the DSP 
drcuit 10 goes to a HIGH level. While the match detector is 
locked, a subcode synchronizing signal GRSCOR is kept 
ou^utted. When the RAM 14 of the DSP circuit 10 over- 
flows, the £SP controller 22 once resets the read clock 
RFCK and the measured jitter amount of the write clock 
WFCK to perform the measurement again. 

Thus, by detecting the match twice consecutively for 
example between the reproduction subcode synchronizing 
signal SCOR and the count output of the reference counter 
29, a false reproduction subcode synchnmizing signal gen- 
erated by a scratch or the like on the disc lean be eliminated, 55 
thereby enabling to determine the true reproduction subcode 
synchronizing signal SCOR. FIG. 6 shows a tinting chart 
obtained when a frame jitter margin (FJM) is XO in a subcode 
synchronizing signal generator having the above-mentioned 
constitution. 50 

The reason why an offset for 64 frames is given on the 
read clock RFCK by the offset circuit 31 in a period of time 
from the rising of the reproduction synchronizing signal 
SCOR and the rising of the subcode synchronizing signal 
GRSCOR will be described below. Depending on the con- 65 
stitution of die DSP circuit 10, the jitter frame margin 
extends over 28 fiames. Here, the reproduction subcode 
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signal SCOR is assumed for reading the subcode Q in the 
microcomputer 20 and the subcode synchronizmg signal 
GRSCOR is assumed for performing sound linking within 
subcode frames. 

When performing sound linking, the microcomputer 20 
accesses a position immediately preceding the occurrence of 
a track jump, always con^)ares the established address 
owned by the microconqmter with the subcode Q being read 
frx)m the disc 1, and determines a point for sound linking. 
That is, the microcomputer ^ must determine whether to 
perform sound linking or not by reading the subcode Q at the 
rising of the reproduction subcode synchronizing signal 
SCOR and comparing the read subcode Q with the estab- 
lished address. 

Referring to HG. 7, there is shown a timing chart obtained 
when the frame jitter margin is maximized (+28 frames) and 
minimized (-28 frames). In FIG. 7, a time between the rising 
of the reproduction subcode synchronizing signal SCOR and 
the rising of the subcode synchnmizing signal GRSCOR is 
a minimum of 2.45 ms and a maximum of 6.23 ms. Namely, 
in sound linking, it is most critical for the microcomputer 20 
when the frame jitter margin is —28 frames. During tins 2.45 
ms, the microcomputer must read the subcode Q to compare 
it with the established address to determine whether to 
perfrnm sound linking or not 

Next, processing procedures for establishing data and 
linking sounds will be described. Brst, the data establishing 
procedure win be described with reference to a flowchart of 
FIG. 8. Upon detection of the rising of the reproduction 
subcode synchronizing signal SCOR (step SI), the micro- 
computer 20 activates a built-in timer (step S2) and reads the 
subcode Q (step S3). 

Then, the microcomputer compares a difference b^eea 
the read subcode Q and the previously established address to 
determine whether a sound overleap has taken place or not 
(step S4). If the sound overleap has been detected, the 
microconq)uter 20 passes control to a sound linking routine 
to be described later. If no sound overieap has been detected, 
the miciocompiter 20 monitors the rising of the subcode 
synchronizing signal GRSCOR (step S5). Upon detection of 
the rismg of the subcode syndironizing signal GRSCOR^ the 
microcomputer 20 determines, based on a time measured by 
the above-mentioned timer, whether the subcode synchro- 
niztng signal GRSCOR has come between Z45 ms said 6.23 
ms (step S6}. 

If the subcode synchronizing signal GRSCOR has not 
come between 2.45 ms and 6.23 ms, then the microcomputer 
20 passes control to the sound linking routine. If the GRS- 
COR has come during that period of time, sends a registra- 
tion permit agnal XQOK (about 68 jis) to the ESP controller 
22 while the subcode synchronizing signal GRSCOR is 
fflGH (step ST). When the registration permit signal XQOK 
has come to the nucrocomputer 20 while the subcode 
synchronizing signal GRSCOR is fflGH, the ESP controller 
22 loads the write address WA in the valid address VWA to 
establish the data. It should be noted here that a point to be 
established by the ESP controller is always fixed within one 
subcode frame as shown in FIG. 10. 

Having sent the registration permit signal XQOK, the 
mioocomputer 20 then sends a confirmation request signal 
XSOE to the ESP controller 22 to confirm whetiier the 
registration has been made conectiy (step S8). When the 
data has been registered conectiy, the ESP controller 22 
returns a registration complete signal QRCVD of HIGH 
level in response to the SXOE signal. The microcomputer 20 
waits for the return of die QRCVD signal from tiie ESP 
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controller 22 (step S9): If the QRCVD is not fflGH, the 
microcomputer 20 passes control to the sound linking rou- 
tine. If the QRCVD is HIGH, the microconqjuter 20 updates 
the valid address VWA (step SIO), thereby ending the series 
of processing operations for the data establishment 

The, the sound linking processing is described with ref- 
erence to a flowchart of FIG. 9. First, the microcomputer 20 
makes HIGH a write enable signal XWRE for enabling the 
writing of data to the DRAM 23 at LOW level, thereby 
disabling the writing (step Sll). Then, the microcomputer 
20 accesses the final valid address VWA (step S12) and 
sends a SCOR resynchronizing signal GRSRST to the ESP 
controller 22 (step S13). In the ESP controller 22, the match 
detector 33 of the subcode synchronizing signal generator 
(FIG. 4) is reset by the SCOR resynchronizing signal 
GRSRST 

Subsequently, upon detection of the rising of the repro- 
duction subcode synchronizing signal SCOR (step S14), the 
microcomputer 20 activates the incorporated timer (step 
SIS) to read the subcode Q (step S16). Then, the micro- 
computer 20 determines whether the subcode Q matches the 
final valid address VWA (step S17). If no match is found, the 
microcomputer returns to step S14 to repeat the above- 
mentioried processing operations. 

If the subcode Q and the final valid address VWA are 
foimd matching, the microcomputer 20 monitors the rising 
of the subcode synchronizing signal GRSCOR (step S18). 
Upon detection of the rising of the subcode synchronizing 
signal GRSCOR, the microcomputer 20 determines, based 
on the time measured by the timer, whether the subcode 
synchronizing signal GRSCOR has come within a period of 
time between 2.45 ms and 6J23 ms (step S19). If the subcode 
synchronizing signal GRSCOR has not come within the 
period of time between 2.45 ms and 6.23 ms, the micro- 
coir^uter returns to step S12 to repeat the above-mentioned 
processing operations. 

On the other hand, if the GRSCOR signal has been found 
coming within the above-mentioned period of time, the 
microcomputer 20 makes LOW the above-mentioned write 
enable sigjial XWRE while the subcode synchronizing sig- 
nal GRSCOR is HIGH, thereby permitting tiie ESP control- 
ler to write the data to the DRAM 23 (step S20). This causes 
the ESP controller 22 to start writing the PCM data read 
from the disc 1 to the DRAM 23 when the established point 
of the subcode ficame has been reached as shown in FIG. 11. 
As a results the continuity of the PCM data is ensured, 
thereby implementing sound linking. FIG. 12 shows a 
timing chart describing the scries of operations ranging from 
the detection of sound overieap to the sound linking. 

Meanwhile, the ESP controller 22 incorporates a RAM 27 
dedicated to the subcode Q as shown in FIG. 1. This RAM 
is provided to store the time information of reproduction 
data. However, because it is impractical to store in the RAM 
27 all the time information corresponding to the PCM data 
stored in the external DRAM 23 in terms of storage capacity, 
the time information to be stored in the RAM 27 are thinned 
out to some extent in the present embodiment In what 
follows, the tMrming out will be described on the supposi- 
tion that the external DRAM 23 has a storage capacity of 
16M bits. 

A symbol of 16 bits can be written to the DRAM 23M 
times. Because the symbol is written twice for each of the 
left and right channels on a sampling frequency fs (=44.1 
kHz), PCM data equivalent to the following value can be 
stored in the DRAM 23 to its full: 



Until die DRAM 23 is full, the following numba- of 
subcode frames come: 



11.889 s/13.333 ms»892 subcode frames 
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Now, it is supposed that aU the time information corre- 
sponding to the external DRAM 23 are written with the data 
to be written to die RAM 27 in the ESP controller 22 
restricted to one byte of TNO (tempo number), one byte of 
IND (index), one byte of MIN (minute) and one byte of SEC 
(second) of the subcode Q per subcode frame. Then, a RAM 
having die following storage edacity is required, making 
the implementation of such a RAM impractical: 

892x8 (1 byte><4 CTNO/INIWMIN/SEC>=a8544 bits=28 K (3) 

Consequentiy, in the present embodiment, the capacity of 
die RAM 27 to be incorporated in the ESP controller 22 was 
set to several K bits. And two points were considered; 
namely, the number of read times per second that does not 
hamper data display, and a time information ihinning-out 
degree dial does not make data display disagreeable to die 
eye. Ultimately, 20 write times per second and 10 read times 
per second were derived. 

20 tiines (wmeyi50 (subcode fran]e3>=:10 times (read)/75 (sub- 
code frames) (4) 

Consequentiy, the capacity of the incorporated RAM 27 can 
be restricted to about 1 39& (4 Kbits) of the total In this case, 
however, an error of a maximum of about 130 ms per second 
is inevitably involved due to the time information thinning 
out. 

Thus, linking PCM data with its time information by 
making the upper address of the external DRAM 23 com- 
mon with the address of the incorporated RAM 27 allows the 
microcomputer 20 to correa the subcode Q in time axis by 
means of two operations: (1) sending the time information of 
die PCM data being read from die disc 1 to the ESP 
controller 22 and (2) reading the time information from the 
ESP controller 22. Conventionally, the microcomputer 20 
performs the time information conversion while monitoring 
the storage capacity of the DRAM 23 for displaying result- 
ant data, therrfjy increasing the load of the microcon^ter 
20. 

In the ESP controller 22. the writing of the subcode Q to 
the incorporated RAM is performed while a write enable 
signal MWE is HIGH (13.3 ms/2) as shown in FIG. 13. In 
diis case, die one-byte data TNO, IND, MIN. and SEC are 
put on serial J/F data, clock, and latch to be written in four 
time intervals with the least significant bit (LSB) first On 
the other hand, the reading of the subcode Q from the RAM 
27 is performed while the read enable signal MRE is HIGH 
(133 ms/2) as shown in FIG. 14. In this case, a LOW level 
pulse is sent 32 times as a read clock QRCK to read the 
TNO, IND, MIN, and SEC from a subcode Q output 
terminal (JTBC widi die LSB fint. 

In the above-mentioned embodiment, the present inven- 
tion as applied to a CD player has been described. It will be 
apparent to those skilled in the art that the present invention 
is not restricted to the CD layer; instead, the present inven- 
tion is ^plicable to other type of disc players for reproduc- 
ing an MD or a CD-ROM disc as well. 

As mentioned above and according to the invention, an 
amount of jitter contained in a write clock synchronized with 
a reproduction clock as opposed to a read clock synchro- 
nized widi a fixed clock is detected, the detected jitter 
amount is added to or subtracted from a count output 
obtained by counting the write clock for 98 fi^es and an 
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offset for the predctennined number of firamcs is given to an 
addition/subtraction result to generate a subcode synchro- 
ni^g signal completely synchronized with the read dock, 
based on which subcode synchronizing signal, reproduction 
data is wiitten to a large-opacity memory. This constitution 
implements data establishment on a time axis and sound 
linldng on a time axis, so that, if the reproduction data at a 
sound linking point is processed with previous-value hold or 
interpolation, the sound linking can be performed without 
oror and, in software having successive fixed patterns, 
coirect sound linking is assured. 

According to the invention, a reproduction subcode syn- 
chronizing signal read from a disc is compared with a count 
output of a write dock and, only when a match is found by 
a predetermined number of times successively, a generated 
subcode synchronized signal is made valid. Tbds constitution 
eliminaies a false reproduction subcode synchronizing sig- 
nal caused by a scratch or the like on the disc and determines 
a true reproduction subcode synchronizing signal, thereby 
enabling to generate the subcode syncfaroniztng si^ial with- 
out being affected by the scratch or the like on the disc. 

According to the invention, time information of repro- 
duction data to be written to a large-capadty memory is 
stored in a memory for storing the time information. In this 
constitution, the stored time information makes it imneces- 
sary to a time converting operation while monitoring the 
storage capadty of the large-capacity memory, thereby 
mitigating the load of microcomputer software and display- 
ing the time information real-time. 

According to the invention, the time information is stored 
in the memory for storing the time information in a thiimed- 
out marmer to restrict a capacity of this memory a minimum, 
thereby providing the time information of repix>duction data 
at a relatively low cost 

Acconiing to the invention, a subcode synchronizing 
signal syndironized with a read clock is generated. There- 
fore, if no sound overle^ has occurred, the generated 
subcode synchronizing signal is used to establish reproduc- 
tion data to be stored in the large-scale memory, thereby 
permitting data establishment by dme axis. Further, accord- 
ing to the inventian, if a sound overleap has occurred, 
writing of the reproduction data to the large-capacity 
memory is started on the basis of the generated subcode 
synchronizing signal, thereby irr^Iementing sound linking 
on time axis. Consequently, even if the reproducdon data at 
a sound linking point is processed with a previous-value 
hold or interpolation, the sound linking can be perfonned 
without involving an error and, in software having fixed 
patterns successivdy. sounds can be linked correctly. 

While the invention has been particularly shown and 
described with reference to preferred embodiments thereof, 
it will be understood by those skilled in the art that the 
foregoing and other changes in form and details can be made 
therein without departing from the spirit and scope of the 
invention. 

What is daimed is: 

1. A disc player which writes reproduction data from a 
disc to a large-capadty memory and reads said reproduction 
data from said large-capacity memory for output, compris- 
ing: 

means for producing a first clock signal having a fixed 
frequency; 

means for obtaining a second clock signal synchronized 

with the frequency at which said reproduction data is 

read from said disc; 
jitter detecting means for detecting an amount of jitter 

assodated with said second dock signal with respect to 

said first clock signal; 
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counting means for counting said second dock signal for 
98 frames; 

adding and subtracting means for aHHing and subtracting 
said amount of jitter to and from a count output 
provided by said counting means; and 

offset means for providing an offset for a predetermined 
number of frames to an output of said adding and 
subtracting means, said offset means providing an 
output which determines the rate at which said repro- 
duction data is written to said laige-capadty memory. 

2. A disc player as defined in claim 1, further comprising: 
match detecting means for detecting a match occurring 

successively over a predetermined number of times 
between a reproduction subcode synchronizing signal 
obtained from said reproduction data and said count 
output of said counting means; and 
ou^mt determination means for validating the output of 
said offset means only when said matdi detecting 
means detects said matdi. 

3. A reproduction data processing method for a disc player 
which writes reproduction data from a disc to a large- 
capadty memNy and reads said reproduction data from said 
large-capadty memory for output, conq)rismg the steps of: 

generating a subcode synchronizmg signal synchronized 
with a dock having a fixed frequency; 

obtaining a reproduction subcode synchroniziiig signal 
from said reproduction data; 

reading time information of a subcode contained in said 
reproduction data, said reading being performed in 
synchronization with said subcode synchronizing sig- 
nal; 

detecting a soimd overleap by comparing said time infor- 
mation and a finally established address of said large- 
capadty memory; and 

if no sound overie^ has been detected, establishing 
reproduction data to be stored in said larg&<:apadty 
memory based on said subcode synchronizir^ signal. 

4. A reproduction data processing method as defined in 
claim 3, fitrth^ comprising the steps of: 

accessuig said finally established address upon detection 
of a sound ovedeap; 

corrq)aring said finally established address with said time 
information of said subcode read in synchronization 
with said subcode synchronizing signal; and 

if a match is found between said time information of said 
subcode and said finally established address, starting to 
write said reproduction data to said large-C£padty 
memory based on said subcode synchronizing signal. 

5. A compact disc player comprising: 

an dght-to-fourteen modulation demodulating means for 
demodulating a radio frequency signal coming from an 
optical pick-up device; 

first storage means for storing a signal coming from said 
dght-to-fourteen modulation demodulating means; 

enxjT correcting means for correcting an error of said 
signal stored in said first storage means and outputting 
the corrected signal to said first storage means; 

deintedeaving means for deinterieaving said signal com- 
ing from said first storage means; 

spindle servo signal processing means for controlling a 
spindle-drive motor in accordance with a signal coming 
from said deinterieaving means; 

subcode signal processing means for c^turing the signal 
coming fmm said eight-to-fourteen modulation 
demodulating means to output a subcode signal; 



02/25/2003, EAST Version: 1.03.0007 



5,508,! 

13 

a microcon^uier for checking said subcckie signal coming 
6om said subcode signal processing means for signal 
drop; and 

an electric shock-proof controller for capturing the signal 
coming from said deinterleaving means to detect for ^ 
signal drop, said electric shockproof controller being 
connected to second storage means and said microcom- 
puter. 

6. A compact disc player as defined in claim 5, wherein 
said subcode signal processing means comprising: 
means for producing a first clock signal having a fixed 
fiiequency; 

means for obtaining a second clock signal synchronized 

with the frequency at which said reproduction data is 

read from said disc; 
jitter detecting means for detecting an amount of jitter 

contained in said second dock signal with respect to 

said first clock signal; 
counting means for coimting said second clock signal for 20 

98 frames; 

adding and subtracting means for adding and subtracting 
said amount of jitter to and from a count output 
provided by said counting means; and 
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offset means for providing an offset for a predetermined 
number of frames to an output of said adding and 
subtracting means, said offset means providing an 
output which determines the rate at which said repro- 
duction data is written to said large-capacity memory. 

7. A compact disc player as defined in claim 6, further 
comprising: 

match detecting means for detecting a match occurring 
successively over a predetermined number of times 
between a reproduction subcode synchronizing signal 
obtained from said reproduction data and said count 
output of said counting means; and 

output determination means for validating said output of 
said offset means only when said match detecting 
means detects said match. 

8. A compact disc player as defined m claim 6, fiirther 
comprising: 

a memory for storing time information of a subcode 
contained in said reproduction data. 

>fi 4> )^ >f< 
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